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1 

nmmiSL^fxmm'^^mc^^x^m.^-^ yrfc 
«:SsR*r ^ c h J: o TfjtB5^ ^y\^wm^(mu^-'7^ 

>^'i';U^li>^ffiT^1±T. BuIBj: 5 ^J^iHuiBn 

3 6CC«, 0?t3H'>^x^^M^3&>^HUiBr7Ui^^$IJ^ 

im^mz ] m^mi(^cnm<o^m{^ms(fC^i.^x. m 
^^m(ommmn^m(iCMLxmmmrc$>^x. bjib 
^ ^yi^mm(fC^i.>xmm^mnm(^ci6^fcmn^s. ^ 

[if ^^3 ] m^m 1 */c(ifS^3H2 JCiBtS^^^ft^ 
[ff5S:^4] if5}<:g3^ciBig(7)*#fl:J^ig(ctec^r. 0j 




C2) 1tra¥6-2 5 2 40 8 

2 

[fS3ic^6 ] li^ifl 1 7!;Mrt:^^ 5 (Dli-m^^HciBtgO 
**«^»gcc*>c^r. HaiB-Y>e^:ti>^M«;&5Miaiffi 
:«>^6HafB**ft:»*I^SBtCf£!j3&i-:>T. UiB^OoeSPJ: 0 
^^C^&gi?r#ffi^^C<!:«:#ffiiiTS*^!l«:^« 

[000 1 ] 
[0002] 

10 m^<o^m^:^mmmmi^tcmmmt\^x. t-r 

Sn/ch • j -MOS h'7>>^X^( "Character 

isticsof Trench i-MOS Pbwer Transistors" BERNARD 
A. MacIVER. STEPHEN J, VALERI,KAIIJ\SH C. JAIN, JAM 
ES C. ERSKINE, REBECCA ROSSEN, IEEE ELECTRON DEVIC 
ELETTERS, VDL.IO. N0.8, p. 380-382. AUGUST 1989) ^ 

mr^o 02 7-02 9 ±iB:^it^<:iaig$nrc^ 
02 8*jJ:a^02 9». *n^nS2 7*(D«^A 

20 -A' fj:i.^bm^B~B' xm^mb. -en-encD^en 
<Dy7mcmcmmmx$>^ „ 
[0 003] \tcit>(,cmm^^BMr^. mmm^tyv a 

mmx^:^, 8 4\immm. 8 5(i*mtt^*SB^>>yn 

T. 8 4. 8 5. 8 6^»-tfr r^>r^ ^ j 8 7c!:l^ 
iCC-r^o iK^y- h 8 7 «SS(D«H^^6WM^ 

30 FU-r>M:^8 HC^Urt^-S. 88^ipM^^r. ^ 
i^^^U®i^*^Cff$^$n. h87<D&< (tCm^ 

i^tixi>^. 9 3»y->?;»|ST?*€>^r. v-:^m 

ms 3t:t-^ y^ai^^^ hOXi.>^^ Q5li:Xy-h 
TMOSy-hj il¥^o 98«pM^:^8 Si^-^ 

^titcM'f'Xi^t. ^^:^)umm8 2<Dimmto .9 8 

Q-cmX. Ctiitt:^mmm(tCbxm5yil0^'cm 

'(^Cfm^^o m29^^C9jk'r^^:^)lS:Ut6 urn. 
^^:^jm^ai^t3 urn. 1^^-hUM<Dm^hitt2 

[0 0 0 4] y^{c. ccomi^cDmi'f^m.mr^. fu^ 
>mm9 1 tc^^iE(Dm{4?&^'EPfln5ti. v->^m® 9 a 
mm (ov) sn-So co^^^Mos-ir'^ f^s^^- 
ti.^"? 2r)(Dmmmm^i>'ommj-m^x$>^. s 
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/c. E3ST^^<tUr(Dm?jS-SJEJNFtt4. 1^1 D< lute 



3 UC»g^-^y- hCC-3 .5-0 V^r. 0.5Vm^ 

/cB$,'=&rffi^y- h 8 7i5^|C7)^i^^;l.Mi^8 2 tcti^ 
K>M^ict J F E Tom^tmrj: 0 . -^CDffifflJc <b 

8 8 ^^f^(D^mi>^. pmmms s (iCismTi>mmy- 

^^^x^mm.tmii^'rh. ±M^(o^mcxti\it. c<o 40 
(i)^>stn?&m\ (2) s^y-^ hcc^^ffl 

M.:::i>^^^:yXi)^M\i^. (3) >^n + • y>f > 
(4) X>r ';^^>^^iig:i&5jgC\ ( 5 ) 

[000 5] COmi-^cmATCDJ^'^rmm^ 

$>^o ^r. c(omfmmmmmt(fCMbxt.^rj:i,^^ 
My^(,cmLxi6K>. mm^y-hmim(fC{Q^xnm^ so 



>mm^cmLx\.^^c(Dmmt:^^mcrj:^^ c 
M^tux&.'yct'bx^^f)^^ mso^ msi^tb^^ 

Cooo6]y:{c. m2(Dite*M<bLr. <&ia«Fi^^« 
mmm5 7- 1 7 2 7 6 5^ r»«^if Y i; ;< 
t>j ) ccp37J^^^l/c^>cD^*g/^■r'So 03 2(ciriB<&i3 

L^'r<T^tc^^c. mnE^m^m(^cnm^tixi.>fcm 
mcDsm&^immLxi.^^. ^rmm^mmr^. m 
m^B luv^ry-h^mm. 62(in-^-<--x 

mmx^^. 8 4i^mmmx^Kf. luiBn-M-^-xM 
St. ^n^np4^r-/-* f^;^6 1 . n+mtfv-i^ 

mme3t:t-^ypaiy^^\>LXl>^„ 6 5«y- 
hSfiSr. P4^y-'h^^6 8<b:i--^$^^i7n>i$r/7 

hbxi.>:^t^i^cmmme4ti>mLxi^:Bo -rtsit) 

hmffie 5:;&5p+My- hM1^6 8 £o;:c;()5-ori^ 

[0 00 7] ;j^CCS6f^:^§iH^T^o :^y-^Fm@73^3: 
mm (OVCC) ^n. Ty-FMe7 UCiSiEOmfi:^^ 

^Bmr^cti^cx-yxmctih^ rtj:t>i^^ ccom^iF- 



5 

<fi£n^<bii^ffit§4>*o. * ti^mmu. CCD 

[000 8] ccomi^omj^M. m^onrnmrnv-^ y 

(2) ^-^> . ^ymmtmmm&m^c^mf>m^^ 
[0009] hti^h. ±M^<om^m^^\mr<o^ ^ 

T?:*g/^^S« Ctl{i. I EEE h^>1f^>>3 3C 

> • • XU^ hn> . r^/^'^-feX ( "500-V n-Chan 
nel Insulated-Gate Bipolar Transistor writh a Trench 

Gate Strucuture", H. R.CHANG, B. JAYAhfT. BALIGA, 
IEEE TRANSACTION ON ELECTRON DEVaCES. VOL. 36, NO. 9. 

SEPTEMBER 1989) (fCtmS tlX ^ ^ 03 3«±faSe' 

^m(D«immmmx$>^. trm^^mn-r^. m^. 
4o«p+^au^i^#j;^^ Aiitnmh^vyhmm. 

4 2^ti>m^-:^mm. 4 3«n4Mx5-y^5?^iS, 4 

R 4 5«^mtt^,feH^^#<*;&:»6^c^y- Fm®. 4 40 

B\tmmmmmx$>^. jwt. cti64 4. 45. 4 6 
^fififr riK5^^^--hj 4 7<!:i¥-^cch^c-r'&. ite^y 
- h 4 7 iitm^(omm:fy^^{»m^mmcm^i2^ttifcm 

ccMLrc^€>o 5 0{3:nUi5^^s®i>a:'S#ilKr. p 

i^4 3&6WCp4M=i>af ^ h«^4 Bi:**-^ 

(fcmmxTjk b fcmm ch\t^^:^)ix^^^ so 
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6 

[001 1 ] :k(^mir^mBMr^. x $ ^^^5 3 i^t 

Jgil&(OV{c) sn. nu^^^gs Ok:tiiEcDm&;&5 
hm^f)^OV<DVtmXi(t^^:^^Jl:fysmCXi.^X±mik 

(^m^^i^jEcom^^BmLx. tm^-hnrnf^a^m 

Ml^(fCJ::BS.^m^m^LX^^:^j\.ch^m^. n + 
-To f^i. P+Mr7U^i$f^igj4 0;i?:»6^>n^Ky:7 

mm4i{t&m^m^ti. m>mmx^mmmti^ 

y hmm^xMrnm-r^'^^. hL< pM'^-x^^7&> 
6p4Mr3>^i> hM^^iioTxs y^mm^tmti 

«ss«ssn3tc<^c-So coig^iDM'^sj^. (1) ^ 
miB*'i:^s<i:L&c\ (3) m&mmr'^^>(xx^ 

A;^>r>b--^>>^;&siSci^ (4) 
tx$>^, 

[0 0 12] L/3&>L/. C<D^-?tcfcJ[yTOJ:5&|®|?;&s 
^^m^40. n^Fy:7hffl^4 1. pM-^->^M 

^V'^v:^^-f)Mmbx. y-hmmmr0mt)^^^ 

'ir:^<Dpnm^^m'r^(DX. ::iui^^mm^o ,7 

^vfcm2(DU^(Dm^(fC^i.>xi>mmx^:Bo 

[0013] 

[^ig;55M^bJ:^iT^iS^] ±iS(DJ:^Jc. 01 09 

'ii^mxict. m^x{&i.^t>nmi^m^ti^i!)K 

:m&itr^fcii><Dmmmcm^fj:i.>mmx$>^. 
ti.^'ymmf)^$>^. */c. 03cDse3fefl«ir«. mmm 

m^^^. <bC^5raS*«Lri^e. ^6CC02. 03 




[0014] ^mmt. ±n^<D^^um^mm(Dmm}^. 

So 

[00 15] 

«/cnri^r. j&^'oRS-r^r? u^^^Wjr^^^cc^i- 
mMmmm<ommwmi>c(i>WL^ ^vr ice -cuje 

^ 6 {C« >r ^ 3? 6 n u ^ ^m.m^JEfl^& 

[0 0 16] ^/c. m^m2(fCtm<D^m(fCi^i.^xitt. 

[0 0 17] fS*313tciB*ScD^?i§«:*$i^r«. 
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^-:^mmit. f^iBHi 0(DpM-^-x«igj9 

fMBSl l(D*MWctB^-r^o S 
m«f*IB@4CD^fia|tctB^-r'Sp 

[0018] 

mm] x5 ^^{itcHs^tiri^'SH^jfe^mscD 

WLmiiC^-^x^^m^^^ti. cn^cX'ox=f'^^)v 

[0 0 19] LiO^L. ^\y^^mmH(o^^miPhmi& 
x^t9-ir^ )vmm<Dm^ ^f^js 5 '{^:x^mm^^ v-^ 

r ^aAmeccaenm ^ c i r . ite)^jgwffi(3c>mfi5L{*_h 

:^;UM^^cj:^pnS^5^^Ji/NVr;^$n. ^^^^i-y 

r * )\^mmtj: h mc a u ^^i^tcax^ nre 
cicc/j:^, ccDB^, mBmnmimm^tbx^-^^ 



mt^CtifiXiSi,. 
to 02 0] 

mi-mAU. (D||*6M-C*S, 01 

■To jM«C02«iI3tf©S^A-A' ^iior«®{CS 
■e*ip> 02©is^iigtt{c. 04k:*5WSI8»b- 

B' r^?Jofc»^ffiH*503^ctBa^s. tj:is. comm 

•C*^n4MSfeM^. 2ttnM3Ui'd?^^, 3«n+ 20 

H^Snri^S. itc. 5 {iMOSM®g4i 3 1x^7^1 
^2<!:%ffl«S-r5iteilia«-C*S, C©4<!:5*ef^r 

fiESnrt^S, nSlnUi'i?^^2©^%> C©H^ite 
S^SMO SSmffi4 *Jia[?ga©pM*#ff-C*.5fc 

fi£3nri,>r. ^5 y i^^i^s i=iui7 4fMJt2 itiiw 

5'rj>5fi' hUrtiS, 1 3«X5 2. i?mS-C&0. x 
5 f5f^J||3iMOSS!mS4K::t-5 -yiP^Z^'S^*; V 

msi 3©mia{c@s$nrt»s, ^/cS*. H^^-f 40 

[0 0 2 1 ] 'J^(c. S3{c*ior. c©sijgMr«H^ 
ite^^ffi 6 h 5 -r 1/ r 0 > -e©Mffi« p m 

rH^Stms 6 i p MM«8 {CH* tlfc5^ + 4^ ^i-Mig? 
7 J W, J>io®#fiiH2;l,;&f^^t^-C*jD. 03{C«C 

©42;b4mfi[^*S/T^5tiri>S„ r5^+4^;KO#i 
6 (omk. X 5 cs^i^ 3 ©fl5tt?c 50 
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:oo2 2]i>:{c. S4{c*ji,i-r. «-^18«pmm^ 
i^2'v^t!j+-i.yr?:«^-r^„ ctx* r^iASffij i 

m^nx\.^i>ctx$>^. 

[0023] ;^k:. llr{^*isi8-r«. c©3R-?-c«. x 

5 -^if^ffil 3{3:««6 (0 V) . =tlyi>^mmi licit 
-5= 5fe{ct^-<:fcj:^(c, MO SSmffi4*5iftjggcr)p 

mMsti. ^^^Jimma^^itstixx-zy^m 
ms i.aui'iimmzitmMmcmsistixi.^^mmic 

mxu. msmimifi>^<^s.=?:mmvxi>au{>^ 

fii*s±#-r5. bifiu. c©«3@-c«-e-©«Si»iS5*j. 
Siai3n/cpMM^8{c«Lri^s©-c. ^^mx^^ 
Ltc^ 1- r«i^i«5©i?s{c5iM-rs*^ -r p 
i!^^8*a-,r^^©ii.«:gHg^$ti-5. r«c*)^. 

»MWH©mfiE{3:±^-B-r(c@;c$^irc»r. ^SStt 
•^y • *^«i§*^ofc«)«:5^i.^;l/©«j@*5i^/c$^j: 

*Jl'/l*4^M!^?^gi©lig^-C*^„ ^5 5*02*© 
i'^-'UMi^©;J<7^>'>-|.;l/^*»f^l,fc0-e*s. 0 

oytp'C^o:>4<7->i^i'j\^x$>i,. jaT< r7xji/5iga* 

OSMmfi54©f;l'K^'>;J<f >Sx + ;i,;£0 .6 eVi 
^a^MftZlKftS^-e. 0 0nm<tbrtt 

m 7 ©^^««:©tt3l4t^;ig{c*j W S jKx JKDHSX 
4>-So 05(c*j(,ir. ?£A^mfiVi*J0V©t(^,®r 
li, 9'i'^JL'©^^«^-r>-> + ^l-3!)iiE-C*?), 
Jl-^^tc L 1 C ©*ff 

H. «fi«M/?t..«;X©3a:*?g|fcS^i:i:ftiK!&:6!5:(,». 
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[0 02 4] S-r. MOSMmS4CDHJot^;l/K-r>jJ< 
[002 5] 

[fg(l] 

P-Q 

E« -• Oftl) 

[0026] -:f;. ^^^)immimmimv!,t±m^^ lo 

[0027] 
[fi2] 



Voh =- 



2 £, 



GBt2) 



[0 02 8] tctcb. ±iB <tS!2 ) ieiC*Jl,>r. q{i# 
1':^;KDC-C' »f®<D4J*. -r^Cfc^SSCDfillllfCDcf 20 

[0 029] 
[|»3] 

Q=-— (H/2)2+R - ^3) 

2 £«± 

[ 0 0 3 0 ] IS fc. C ©*{C*J W SmWE . , it. TIB 

[0 03 1 ] 
[ti[4] 

E scL — 



(H/2) 



30 



[0 03 2] ^e>cc. ^Er(imm3&^-^uri^^ct:rn 

«J^ci:63&C^;&^6. TIB (1^5) ^im&Lrj:^^timj:h 

£oxEox = £.1 E.I (tiS) 

MOSMmS4(7)b';b hV>jJ^7=->i^i';l/^0 .6 e 40 

3eVio. mrtacD ) (^5) 
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ji^m.m<D n u ^ ^mmc ® u r c ^ -5 gp^^c ^ 

lxio^^/cm\ ^rj:t^^bmmm4 OQ- cm 

x$>K>. mmmm^n On m&iTx$>^m^. ^^^)\^ 

[0 034] ;X5C. aBrt^:!ll:i&^6^iltfc®CCteD-5ia« 

fe-So aA^sm{4v,?&5±#Lro .3 v^rcc^cc^ 

a^3»iS«e 6 <DM O S MSS 4 6 ^ -f- ^ ;1^«^-^<Z) 
^/cdbr^-Sc $60caA^{4:0^0 .5 e Vtii^C^cC^ 

Ku^iti^x^h. c<Dt^. lEmmmacpmmms 
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[003 5] ;X^C. »3it^g|;&:»6jiW«SI^^-r^^^ 

(om^^mm (ovcc) . feb<ti:fem{S[tc-r>So -r-s 
p scorns 6 <:fc 0 < Sj&^tir 

[003 6] C(D7^/^''f ;:^(DmiSmffi^#14t*. t^O^^^ 

/c^^jcj:o. mmt\^>^:ty ^tixmMmumm 

xu. m^f-mm^mmx^Ki. ^^^jvmmommm 
i>ct^^x^^. 

[0 0 3 7] 01 2-^01 7 01-'04tC:^j^ 

1 0 o^ff^^L. mmmmmmm(Dm^mmt^fc^<D 
Lfcv^m<Dm^^m^LXi.>^^s^ ^fe^cT^L/c^-v 

V ' :ty<Dfcii>(D^i^^)U(D^ti^^mfcbXi.^tlU. »f 
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*/c. mi>m&xrj:<m^ifCmi^^tifci><oxi>mt>rj: 

[0 03 8] ^/c. ^M^^•^->^>^^-^;^(Dig»T^f^^ 
6i^--c^c<r*>cfcc^L. m(Dmhi^-x$>aswittrj: 
[0 039] ;>:CC. S l 5 cDJ: 5 tc. mo^m^m^tL 

-r-So ;^^c, SI 7CDJ:^^c. '7;^^1vti 0 0^^* 
I/. eKiteiH^iSi^ffi^ff^^UrS 1 --04 (D«ig^f# 

'yxmf&oxi>mtDUi>. 

[0040] ;>C5C. 018-020 {iSlJcr)MJ&:&ffi*S^ 

mj&r^yfUx^^^ mx{mm(fcm^r^mm 
loot Lxmi^mitm i o i . mimmm i o 2 . c 

VD^Ml 0 3<DHgM^^l\ SlSCDcfc^fC. ^ 
•rCVDKfbJgl OSiM^b^^l 0 2^/^•a?-::^>^ 

DK^bMl 0 3>£:^*L. ^o/cmil^M 1 0 2 * v 

i?;ou i Lr . 019 (Djimxmtmm 

1 Mm1f-r ^t^*;H|fiH^2 
mm^<i:K>/b^<m^Cti!)^X^^CtX$>^. 
C <h :^^5ai^€>o C (O-fo&COm^. ti^XU. ( 1 ) 

mm^tx^. (2) ^t'4^;i/S;0^^< :fescDr. -en/c 
^^^lyrnKtim <u^. ( 3 ) jm^McD^sa^ovjNS < 
40 fj:^o:>xh,^f)i±.mr^. utii^m^hti^. 

[oo4i];xcc. 02i'>-02 4ji. '^hticm(omm. 

^i^fc}i>(Dmmlmxsy^. mtmi s(ommt^h\^o 

<7)^ ^>^i^r0 2 2 (Dt^^iT 

-So c©ra. 01 9(Dxe(siiifeurfeL&<rfcj: 

50 1 0 3. 102. 1 0 l^^^L. 02 3(OJ:^^C«C^ 



(9) 



15 



JSfl^tti^CS. C©?5iS©?IJ*«^ ( 1 ) >'^•-Xt^-^' 
©^5-fc-t:fX5.?ir-!^^'X*/jN^<j^gS-etS. (2)x 

ifccto, *+>;r*f?sss*«J$fjr»5. (3) t,.*3»<i) 10 

f 0 0 4 2 ] ;>C(c> 08 Mies 3 i«grj©«E«S 
©*^CSI0-C$,^, C©S|J|{ai<i:03i©tajlc5«^ ^ 

09 ^6fcJ3iJ©aBDfil®©||J6M0 20 

C 0 0 4 3 ] >XiC. m 1 0 «*#iBjCDm2 ©uss^*^ 
•TBfffiSr&S, C©*8feM-C»9^ + ;^^bMJ|S(Cyf-/* 

-7 l~^>t^X4r©-<-^^^(cti^-^^p^^j^gjjj 

pM^Jg(9©:FMt)?Sg«a^©yt-,'.-j<-7 
h 7 >i?x 5f©'NC-;^^j|8j; »j ^ {j^^jc^ ^ j.^^^^ 

m«l 0"cm~^SS©?gSr*So ^*fiWSS*i 

Sip mmm9 ©ra-c+ -t- y T©i^g6*iBjtg-c* ^, * 
miamx$>^^ c<Dmmximmmmmm6<Dmmit 

'£-^iCj::B^^m^B^StiXt,^X^mmii^&< . 
^ffi 1 8 e,?iA3 tifciEf L^r^^J: < 9^ + * JU^HS'v 

ctit^x.i y.$,mmtmiciamLx{,^i,cti:fii^ 

6 ©JSggjOS n U i' 4jM^ 2 (c^ or C^S C 

<!: S p 9 g ^^^^^ 

<l'Xi,>Xhmt>f£l,>, C©Jt^«. t»t>«9).5 

'^-XS*SM< &S©-c. ^^^©^«Ftt«^4sl^ 

-So 

[0044] ;>:fc. *i%?s©7=^>'<-cx©ji2gpci:ot,»t: 

iJilB^*. ^^t*03fC.T^-J-<fc5!&H^^Sg6©« 50 
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^tvc«>m W0 3 ©J: -5 J&x F 7 
@^Mi^m®6®fflrM755t?gfab(C)fc«J. -5-©g|5:9-©^ 
B> a2 5(C7p-rj:5K:. ii*^|iS©A#«:pS!M«i 

o*i9:ws©*i-®e<j-c*.s. rj:is, m25^(opmm 
^ 1 0 MA-it^ y y<otf- h- V > i/©-#rt(iij© 

>i'-C*0. *^-3aASffi<!:o«:3&S5pM®^8i|^G 

®iS?ga©:f^-^s<fc«6-c*s„ cn* 

02 e{*9^-,:/o:ft®g|5©a3D/^•^->*,^vLfc^>©r 

*s= ia2 6{c*jt,^-c, pmm^sitisixm^i 8icm 
mstitcbox^,^, 3«x5 u/^f^iig-c. c:n*i#?s 

^Sa5^*55^-y7-©ffittMJa-C*«. HS«MiSS6» 

^i><D(ommic. »»t*:©tt*i*5. c©tt©^^»-b 
mm3'S:mctj:i,^ctxiibi. ^ommtpmima 

©*{c*o. ^»it-c«|?©ill4i-rsj:^«: rffl^t 

ri>^, ^/c> D«03(c*jws<!:i^«. ^i-jfrnm 
3tpmmmt(ommx^i>, tt©giJ»©i^i8tD' « 

MM^l 0*s@^^^6©ffitJ||{c|?5^L.rt^S«^ 
^KSi. pS«^1 0©:*:^S*^|5Je,*>©SS-c^it 
SM{C)5:•:,A:^f^fCvxi'M•^r-->^o< t)a[3«:t:fti 

7(D^^!^im(c^i^^x. m^(omm!m'S:T^s 

mrj:i,<DltCLXOt'b. bA^b. 02 6©J:^iS:«3i{c 

tf. pSfM^8©jf5t^*s^^g{c^cor^>pgjSfi^(; 

i L x^m Ltcifi. ±x(o?Fmm<o^ ^ rfifimxii r 
c©^^{±«ttt-s„ 

C 0 0 4 5 ] ;^{c. *^B^<!:iS*0«t©ta^(cot,»r i 
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(57) Abstract: 

PURPOSE: To obtain a normally OFF type transistor 
having an excellent controllability and a low 
ON-reslstance. 

CONSTITUTION: An emitter region 3. having the same 
conductivity type as that of a collector region 2. is 
provided on the surface of the collector region 2 which 
is a substrate, and a U-shaped fixed insulating 
electrode 6 is arranged in such a manner that a part of 
the collector region 2 and the emitter region 3 are 
pinched. This fixed insulating electrode 6 is maintained 
in the same potential as the emitter electrode 3, and It 
is composed of the material with which a depletion layer 
Is formed on the adjacent collector region 2. The 
emitter region 3 and the collector region 2 are 
electrically cut off by the above- mentioned depletion 
layer. Besides, an opposite conductivity type injector 
region 8, which comes 111 contact with the collector 
region 2 and the insulating film 5 of the fixed 
insulating electrode 6 and does not come in contact with 
the emitter region 3, is provided in such a manner that 
optical electric potential can be provided from outside. 
To be more precise, the potential of the interface of 
the insulating film 5 is controlled by the potential of 
the above-mentioned injector region 8. and the 



conductivity of the collector region is also controlled 
by the potential of the injector region 8. 
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